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ABSTRACT
Pisang tongkat langit (Musa troglodytarum L.) is a banana cultivar originated from Eastern Indonesia. Previous studies
showed that ACS1 and ACO1 are genes that play an important role in banana ethylene biosynthesis. However, characterization
and analysis of M. troglodytarum ACS1 and ACO1 genes have not been reported. This study aims to isolate and characterize
the ACS1 and ACO1 gene expression profile during fruit ripening process. Gene fragment isolation was performed using
PCR based method. Results showed that the isolated genomic fragments of ACS1 was 400 bp and ACO1 was 500 bp. cDNA
fragments of ACS1 was 200 bp and ACO1 was 300 bp. Analysis of genomic fragments using BLAST NCBI showed that
ACS1 had a high homology with 1818 bp ACS1 gene of Musa acuminata AAA Group (GenBank: GQ396304.1), while
ACO1 gene had the highest homology with 1593 bp ACO1 gene of M. acuminata AAA Group (GenBank: AJ223232.1).
ACS1 genomic fragments of M. troglodytarum had one intron and two exons, while ACO1 had two introns and three exons.
Homology analysis showed that gene fragment of ACS1 and ACO1 of M. troglodytarum had conserved region similar to
M. acuminata.
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INTRODUCTION
Bananas are the world’s number four food
commodity after rice, wheat, and corn. In 2013,
world banana productivity reached 105.96 million
tons, however Indonesia ranked sixth banana-
producing countries of total world production
(FAOSTAT, 2016). One of local banana cultivars in
Indonesia that has economic potential is pisang
tongkat langit (Musa troglodytarum L.). Pisang
tongkat langit grows naturally only in eastern
Indonesia, namely in Maluku to the territory of
French Polynesia (Lim, 2012). Pisang tongkat langit
has unique characteristics compared to bananas in
general, i.e. has bunches that grow upwards, purple
sap, and are generally resistant to pests and diseases.
People in Maluku have developed pisang tongkat
langit as an alternative food and used them as a raw
material for medicine (Cheesman, 1949; Satuhu &
Supriyadi, 2005; Ploetz et al., 2007).
Pisang tongkat langit is an interspecific hybrid,
which is included in Australimusa banana group
(Ploetz et al., 2007). However, the genetic data on
this banana group is still very limited. Meanwhile,
molecular studies on the ripening process of pisang
tongkat langit has not been reported.
Bananas are included in climacteric fruit,
where its ripening stages are associated with an
increased rate of respiration and ethylene
production. Ripening process of climacteric fruit
is regulated by three consecutive enzymes i.e.
SAM synthetase (S-adenosylmethionine synthetase),
ACC synthase (ACS) and ACC oxidase (ACO). SAM
synthetase catalyzes methionine to SAM (S-
adenosylmethionine). SAM becomes MTA (5-
methylthioadenine), which enters into methionine
cycle and is catalyzed by ACC synthase (ACS to
become a sulfur atom and 1-aminocyclopropane-1-
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carboxylic acid (ACC)). Furthermore, in the
presence of oxygen, ACC oxidase (ACO) will
catalyze ACC into ethylene and CO2 (Yang &
Hoffmann, 1984). ACC synthase enzyme is encoded
by ACS gene while ACC oxidase is encoded by ACO
gene. ACS and ACO genes are gene families, whose
expression is regulated by many different signals
such as environment, fruit development, and number
of plant hormones (Karmawan et al., 2009; Dwivany
et al., 2016). Recently, it has been known that ACS1
and ACO1 genes have an important role in fruit
ripening. Research on both genes is widely
performed in Musa acuminata AAA Group but has
never been done in pisang tongkat langit (Musa
troglodytarum L.). Therefore, this research is focused
on the characterization and analysis of pisang
tongkat langit ACS1 and ACO1 genes as well as to
determine whether the process of fruit ripening in
pisang tongkat langit is correlated with genes that
play a role in fruit ripening. The results from this
study can be used for future postharvest manage-
ment of pisang tongkat langit.
MATERIALS AND METHODS
Materials
Pisang tongkat langit (Musa troglodytarum L.)
used for this study were obtained from Ullath
Village, Saparua Island, Central Maluku, Maluku
Province, Indonesia. Pisang tongkat langit were
transported carefully to avoid any physical damage.
Isolation and analysis of ACS1 and ACO1 genes
Isolation of DNA fragments from fruit pulp was
done using the method by Doyle and Doyle (1990)
which has been modified by Lodhi et al. (1994).
Primers used in PCR analysis were ACS1, ACO1, and
GAPDH (housekeeping gene) of Musa acuminata
AAA Group which has been optimized by Karmawan
et al. (2009) and Handayani and Dwivany (2014)
(Table 1). The DNA fragments were amplified using
GoTaq® Green Master Mix reagents from Promega
(Catalog No. M7122). DNA fragments were
sequenced using sequencing services from
MACROGEN and the results were identified by
BLASTN (www.ncbi.nlm.nih.gov/BLAST).
Isolation of RNA from banana fruit pulp on day
1 of fruit ripening was done using Cordeiro et al.
(2008) method with modification, then the RNA
fragments were used as templates for cDNA
synthesis using an iScriptTM cDNA Synthesis
(Biorad, Catalog No. 170-8890). The cDNA was
amplified using ACS1, ACO1, and GAPDH primers
listed in Table 1. The cDNA fragments were
sequenced using sequencing services from
MACROGEN. Sequencing Results were identified
by BLASTN (www.ncbi.nlm.nih.gov/BLAST),
then aligned using Clustal Omega – Multiple
Sequence Aligment (https://www.ebi.ac.uk/Tools/
msa/clustalo/) to compare both ACS1 and ACO1 gene
structures.
In addition, BLASTX (www.ncbi.nlm.nih.gov/
BLAST) analysis was used to analyze structures of
ACS1 and ACO1 proteins. Gene alignment analysis
was done using clustalW of BIOEDIT and the
MEGA 5.2 was used to construct the phylogenetic
tree.
RESULTS AND DISCUSSION
Gene isolation and characterization
Pisang tongkat langit DNA amplification was
performed using ACS1, ACO1 and GAPDH primers,
which were designed from Musa acuminata AAA
Group. Results showed that GAPDH gene fragment
was 250 bp, ACS1 was 400 bp and ACO1 was 500
bp (Figure 1A). Identification of ACS1 and ACO1
genes using BLASTN showed that the ACS1 gene
had 93% similarity with ACS1 of Musa acuminata
AAA Group (access code GenBank: GQ396304.1),
while ACO1 had 96% similarity with ACO1 of Musa
acuminata AAA Group (access code Gen Bank:
AJ223232. 1). Full-length ACS1 gene of Musa
acuminata AAA Group was 1,818 bp in size
(Karmawan et al., 2009), while full-length ACO1 of
Musa acuminata AAA Group was 1,593 bp in size
(Chen et al., 1999).
Pisang tongkat langit cDNA amplification was
performed using same ACS1, ACO1 and GAPDH
primers for amplifying the pisang tongkat langit
DNA. Results showed that GAPDH cDNA fragment
was around 250 bp, ACS1 was 200 bp, and ACO1
Table 1. Primer sequences used in PCR analysis
Primer Oligonucleotide sequence (5’  3’) Size (bp) Reference
MaGAPDH RT-F TCAACGACCCCTTCATCAC 250 Karmawan et al., 2009
MaGAPDH RT-R AGCAGCCTTGTCCTTGTCA
MaACS1 RT-F CCGAGACTGGATGAAGAAGAA 172 Karmawan et al., 2009
MaACS-1 RT-R GTCTGGGTCAAATCTGGCTC
MaACO1 RT-F CGAGATGCTTGCGAGAAATGG 240 Handayani & Dwivany, 2014
MaACO1 RT-R TGCAGCAAATTCCTTCATCGC
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was 300 bp (Figure 1B). Identification of ACS1 and
ACO1 cDNA using BLASTN showed that the ACS1
cDNA fragment had 97% similarity with ACS1 of
Musa acuminata AAA Group mRNA (access code
GenBank: Y15739.1), while ACO1 cDNA fragment
had 92% similarity with ACO1 of Musa acuminata
AAA Group mRNA (access code Gen Bank:
EU131109.1). According to Choudhury et al.
(2008), M. acuminata (AAA Group, Subgroup
Cavendish) has 1,477 bp of full-length ACS1 cDNA
sequence and 957 bp of full-length ACO1 cDNA
sequence. Moreover, Dwivany et al. (2016) reported
that both genes were also expressed during fruit
ripening in “Raja Bulu” banana while other MaACS
gene (MaACS2) was expressed in leaf and root of
fungi-infected banana tissue culture (Handayani &
Dwivany, 2014).
Schematic structure of the ACS1 and ACO1
gene fragments of pisang tongkat langit (Musa
troglodytarum L.) compared with Musa acuminata
AAA Group can be seen in Figure 2 (the alignment
results could be seen in Supplemental Data 1 and
2). The exon and intron of ACS1 and ACO1 were
found using alignment tool of Clustal Omega, the
results of which can be seen in Supplemental Data
3 and 4.
Sequence alignment and phylogenetic analysis of
ACS1 and ACO1 genes
Protein sequence alignment analysis of ACS1
(Figure 3) showed amino acid sequence differences
between Musa acuminata AAA Group and pisang
tongkat langit (Musa troglodytarum L). Results
of BLASTX (Figure 3) showed that protein
sequences obtained from both bananas have
conserved sequences ‘FQDYHGLP’ as mentioned
by Karmawan et al. (2009). However, ACS1 protein
sequences of pisang tongkat langit have three
Fig. 1. Electropherogram of ACS1, ACO1 and GAPDH gene fragments. (A) Gene
fragments amplification using genomic DNA of pisang tongkat langit (Musa
troglodytarum L.). (B) Gene fragments amplification using cDNA of pisang tongkat langit
(Musa troglodytarum L.) pulp on day 1 of fruit ripening.
Fig. 2. Pisang tongkat langit (Musa troglodytarum L.) and Musa acuminata AAA Group ACS1 (A) and ACO1
(B) gene structure.
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different amino acid residues (‘FQDYSRPP’). ACS1
protein in bananas forms homodimers and forms
a complex with the cofactor PLP (pyridoxal
5’phosphate), amino acid residues Ser-Leu-Ser-Lys-
Ser-Lys-Asp-Leu-Val-Gly-Pro-Gly-Phe-Arg-Val-Gly
(sequence no. 276-289) were mentioned as a site to
bind to aminotransferase class-1 pyridoxal-
phosphate (Choudhury et al., 2009). However,
further study to isolate full-length sequence of
ACS1 protein is needed.
Phylogenetic analysis showed four main
groups based on branching: Group 1 consisted of
Musa acuminata AAA Group and their cultivars.
Group 2 consisted of pisang tongkat langit (Musa
troglodytarum L.), Musa acuminata AAA Group,
Musa acuminata AAA Group cv. ‘Ambon Lumut’,
Musa acuminata AAA Group clone GMACS12 and
GMACS clone-9. Group 3 consisted of Arabidopsis
thaliana derived from dicotyledonous plant group
and group 4 consisted Saccharum officinarum
representing the group of monocots plants and Musa
acuminata AAA Group GMACS clone-1 (Figure 4).
Protein alignment of both pisang tongkat langit
and Musa acuminata AAA Group (GenBank
Fig. 3. The ACS1 protein alignment. Black box shows sequence differences. Grey box shows conserved area
for ACS. Query: pisang tongkat langit (Musa Troglodytarum L.) ACS1, Subject: Musa acuminata AAA Group
ACS1 (access code GenBank: ACV30004.1; CAA75749.1).
Fig. 4. Phylogenetic tree based on nucleotide sequence alignment of ACS1 from Musa acuminata AAA Group,
Musa troglodytarum, Arabidopsis thaliana and Saccharum officinarum using bootstrap consensus neighbor-joining.
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Fig. 5. The ACO1 protein alignment. Black box shows sequences differences. Query: pisang tongkat langit (Musa troglodytarum
L.) ACO1, Subject: Musa acuminata AAA Group ACO1 (GenBank access code: CAA11200.1).
Fig. 6. Phylogenetic tree based on nucleotide sequence alignment of ACO1 from Musa acuminata AAA Group, pisang
tongkat langit (Musa troglodytarum L), M. indica, Musa ABB Group and Oryza sativa using Bootstrap consensus neighbor-
joining.
access code: CAA11200.1) ACO1 are shown in
Figure 5. There are only three amino acid sequence
differences between Musa acuminata AAA Group
and pisang tongkat langit on sequence 42, 58, and
60. It has been reported previously that ACO enzyme
family is highly conserved (Hubert & Mbeguie-A-
Mbeguie, 2012). ACC oxidase (ACO) is a member
of superfamily group of non-heme-iron that utilizes
Fe (II) as a co-factor and 2-oxoglutarat (20G) as co-
substrat (John, 1991; Bidonde et al., 1998).
Phylogenetic analysis showed the presence of
two main groups based on branching: Group 1
consisted of Musa acuminata AAA Group, their
cultivars and pisang tongkat langit (Musa
troglodytarum L.), Group 2 consisted of Musa ABB
Group, M. indica which represents dicot plant and
Oryza sativa representing the monocot plant
(Figure 6).
Results from this study showed that ACS1 and
ACO1 gene fragments were successfully isolated
from pisang tongkat langit (Musa troglodytarum
L.), which also having high similarity to Musa
acuminata. Both genes were also expressed during
fruit ripening process, which was indicated by
cDNA amplification result (Figure 1B).
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SUPPLEMENTAL DATA
Supplemental Data 1. Alignment result of Musa acuminata cv. ‘Ambon Lumut’ AAA Group and pisang tongkat
langit (Musa troglodytarum L.) ACS1 gene sequence. Starred sequences shows similar sequences (considered
as conserved sequences).
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Supplemental Data 2. Alignment result of Musa acuminata AAA Group and pisang tongkat langit (Musa
troglodytarum L.) ACO1 gene sequence. Starred sequences shows similar sequences (considered as conserved
sequences).
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Supplemental Data 3. Alignment result of DNA and cDNA sequence of pisang tongkat langit (Musa
troglodytarum L.) ACS1. Black boxes are considered as exons.
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Supplemental Data 4. Alignment result of DNA and cDNA sequence of pisang tongkat langit (Musa
troglodytarum L.) ACO1. Black boxes are considered as exons.
